Investing significant resources to develop a sensible project management plan paid big dividends when it came time to replace 7,308 ultrafiltration modules in one of North America's largest membrane treatment facilities.
T HE ARTHUR P. KENNEDY Lakeview Water Treatment Plant (APKLWTP), located on Lake Ontario in Mississauga, Canada, is one of two lake-based water treatment plants (Lorne Park Water Treatment Plant is the second) supplying drinking water to the 1.4 million residents and 163,000 businesses in the Region of Peel. Both plants are owned by the region and operated by the Ontario Clean Water Agency (OCWA).
APKLWTP was built in 1953, but since 2003, it has gone through several major expansions and upgrades. Currently, the plant consists of three treatment subsystems: a conventional subsystem and two membrane subsystems called OBM1 and OBM2 (OBM describes the treatment trains and stands for ozone, biologically activated carbon, and membrane). Each subsystem has a rated capacity of 400 million liters per day (mL/d), for a total plant capacity of 1,200 mL/d. OBM1 is 11 years old and uses ZeeWeed 1000 ultrafiltration (UF) modules manufactured by ZENON Environmental, which is now owned by SUEZ Water Technologies and Solutions. In late 2016 and early 2017, the region set out to replace OBM1's original ZeeWeed 1000 CP5 UF modules with 7,308 new ZeeWeed 1000 CPX UF modules.
PROJECT INITIATION
For the OBM1 membrane replacement project, the initiation phase can be traced back to when the original membranes were procured. This is when the replacement costs of the future membrane modules were established as well as when warranty and other terms and conditions were defined under which the membranes would be replaced. A budgetary estimate was then included in the region's 10-year budget, which was updated each year based on any new information deemed relevant to the project. Such information ranged from anything as broad as the world's economic stability to the minutiae of the deterioration of the OBM1 membranes because of carbon loss from the Biologically Activated Carbon Contactor (BACC) treatment process upstream of the membranes, which started to occur a few years into OBM1's operation. Staff discovered the carbon-packed modules
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In the absence of a loading dock, a Zoom Boom forklift had to be rented to transfer the new membranes from truck to storage to membrane trains.
were practically impossible to fully clean, shortening the service life of the modules exposed to activated carbon.
PLANNING AND PREPARATION
Delivering 400 mL/d when it was commissioned, OBM1 was the largest ZeeWeed 1000 drinking water treatment system in North America. Thus, the membrane replacement project was a multimillion-dollar endeavor that required several years of planning and preparation. Planning. Two years before the membrane modules were replaced, a project manager was assigned who developed a project charter that clearly outlined budget, scope, and milestones; defined risks and constraints; and listed all stakeholders, the project team, and hierarchy. In the process, the project manager needed to answer several fundamental questions that were resolved in the project's execution phase (see page 23 for details): Once the project charter was approved, the project manager completed an internal project management plan that covered resources, financial, communication, quality, risk, procurement, scope and change management, health and safety, and project success criteria.
Preparation. Once a plan was developed for achieving project objectives (i.e., leading the project through its execution, monitoring, and closing phases), preparation tasks were defined to describe the physical simulation or re-enactment of the execution tasks (i.e., practicing the work to help identify issues, bottlenecks, risks, and opportunities before executing the work). OCWA was instrumental in leading the preparation aspect of this project phase. The following questions required explicit answers: ■ How would the new membrane (and appurtenances) be received, unloaded off the truck, and stored? ■ How would the new membranes be transferred from the shipping crates to cassettes and ultimately into trains? What are the transition points? ■ How many "hands" would be required to execute the installation without causing bottlenecks? While deciding on the membrane storage location, Peel and OCWA team members mapped out routes for transferring the new membranes from truck to storage to membrane trains. Transferring membrane modules from point A to F (be it carrying by hand or using a forklift, crane, or hoist) may seem like routine work until one considers the plant's nonexistent loading dock, which would have been nice to have when unloading the shipping crates off the truck; the OBM1 building's lack of available headroom, which limited the hoist's fitness for use; and the glycerin-splattered floors, which were a task hindrance and a health and safety hazard.
Membranes would normally be shipped in wooden shipping crates, requiring a loading dock and a forklift to unload. In the absence of a loading dock, a Zoom Boom forklift had to be rented. To address the hoist issue, the manufacturer recommended using its 40M cassette (a cassette containing two rows of 20 slots) as a transfer cassette. Transition points needed to be established to define where the new modules would be transferred from the shipping crates to the 40M cassette and then lowered to the membrane train mezzanine where they would be removed and installed into the standard 96M cassette, then finally into trains. To mitigate health and safety hazards and any possible inefficiencies associated with the glycerin-splattered floors, splash containment areas were erected at various Membranes Tanker trucks were arranged to haul glycerin solution to a nearby wastewater treatment plant.
OBM1's carbon-packed modules were practically impossible to fully clean. transition points, and transfer routes were shortened as much as possible throughout the construction site.
Once the aforementioned issues had been resolved, OCWA identified the need for additional "hands" required to do the actual work. The Peel and OCWA team members agreed a subcontractor should be hired to assist with the manual tasks of handling the membrane modules, including disassembling old modules and cassettes and assembling cassettes with new refurbishment kits and modules. The team members also agreed to bring in the subcontractor early in the project to practice dry runs of installing cassette refurbishment kits, transferring the modules from one transition point to another and from cassette to cassette, similar to a production line. This kind of preparatory work was invaluable when developing realistic timelines and determining required resources. Additional measures included training several workers on specific tasks to minimize delays if any workers were absent and providing more practice.
EXECUTION
All the answers to the questions posed during the project's planning phase were resolved prior to the execution phase: 1. Do we hire an engineering consultant to design and administer the membrane replacement contract, or can we do the work ourselves?
The region's project manager worked directly with OCWA and the membrane Despite the challenges, the OBM1 membrane replacement project went well.
provider to complete the design, execute the installation, and commission the replacement modules.
When is the best time to do the work? Does the membrane plant need to remain operational, supplying full demands? Partial demands? Can the plant be shut down?
The OBM1 membrane replacement work was purposely planned for and executed during low-demand seasons (late fall, winter, and early spring). Additionally, having three subsystems at APKLWTP allowed for OBM1 to be shut down during the work. This "luxury" may not be available to others and may have significant implications on project constructability, thus it should be considered with great care.
Should the replacement work be phased?
Phasing the manufacturing, shipment, installation, and commissioning work may benefit the owner and membrane supplier. In this case, the work was executed in two phases-half of the OBM1 plant was replaced and commissioned during Phase 1 and the other half during Phase 2. Having half of the plant on-line before replacing the second half also minimized many potential concerns with meeting plant demands. 4. Can we do any other replacement or maintenance work at the plant (small or large) if the plant is shut down? It may be difficult to find more auspicious timing for performing maintenance work on other parts of the plant while membranes are being replaced. While the plant was shut down during the OBM1 membrane replacement project, OCWA cleaned the ozone contactors, calibrated and recalibrated instrumentation, replaced miscellaneous equipment and piping throughout the plant, and generally addressed any lingering issues that for a number of reasons were put on hold during the 10-year period.
Do we need a new contract agreement with the membrane supplier?
This is project specific and should be considered because it takes time to execute a contract agreement. The Region of Peel and its membrane provider executed the contract agreement before work commenced. 6. Do we hire a contractor? Tradespeople?
Can we do the work with existing staff? OCWA had extensive experience "handling" a membrane plant, having been involved in installing and commissioning the original plant and having operated the plant for more than 10 years. OCWA tradespeople performed the necessary electrical, mechanical, and instrumentation upgrades in the field. OCWA also hired a subcontractor to help manually handle the membranes. The membrane manufacturer's responsibilities included project management (membrane manufacturing and shipping), on-site support (membrane installation supervision, membrane mapping, chemical oxygen demand [COD] testing during glycerin flushing, fiber repairs, etc.), and off-site support
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The modules were transferred from one transition point to another and from cassette to cassette, similar to a production line.
(design approval, programming changes and testing, document updates, etc.). 7. Where and how will we dispose of the old membranes and equipment? Disposal of old modules and equipment (i.e., plastics) to appropriate dump sites should be arranged. 8. Where and how will we discharge the glycerin solution and any other process waste?
The glycerin solution (especially during initial flushing) will contain COD of more than 50,000 mg/L. Most municipal bylaws don't permit a solution with COD that high to be discharged into sanitary sewers, so special arrangements need to be made with either a local wastewater treatment plant or another facility that can accept this type of process waste. Similarly, consideration should be given to how the disinfection solution containing high levels of chlorine should be handled. For the OBM1 membrane replacement project, tanker trucks were arranged to haul the glycerin solution to a nearby wastewater treatment plant, and the disinfection solution was neutralized in situ prior to discharge to the local storm sewer. Special process connections for recirculation, flushing, and discharging had to be designed and installed before the work was performed.
MONITORING
Two sets of success criteria were used to measure the OBM1 membrane replacement project's performance. One included standard key performance indicators (KPIs) used to measure project performance against the project plans (e.g., budget, scope, quality, schedule, change management, communication, health and safety, etc.).
The second set included KPIs associated with measuring membrane system performance against the performance criteria set out in the project management plan (e.g., spare parts availability, bubble test results, glycerine flushing and discharging requirements, and disinfection requirements) and the performance criteria outlined in the contract agreement (i.e., demonstrating the membrane system's ability to meet design flows, water quality objectives, and cleaning intervals). The membrane system performance criteria included requirements for specific turbidity, membrane integrity testing, and log removal value results to be achieved before Region of Peel sign-off as well as a 40-day performance demonstration test. A successful demonstration meant the membrane system operated at any flow up to the maximum design flow while meeting water quality objectives for 40 days, which was equivalent to one cleaning cycle; then a standard clean in place needed to be completed, with permeability recovered to normal levels.
CLOSING
Despite the challenges, the OBM1 membrane replacement project went well. The importance of resolving deficiencies, closing out the contract, reconciling project financials, collecting team feedback and lessons learned, final reporting, and celebrating successful project completion wasn't lost on anyone. A few noncritical deficiencies were addressed within a couple of months, all invoices were paid, and financials were reconciled. However, the project budget will remain open until the end of the warranty period. A workshop (internal to the Region of Peel and OCWA) was held to collect feedback from the project team and to celebrate project completion.
In a few years, the Region of Peel will have to replace more than 7,000 membrane modules at OBM2 and the Lorne Park plants. Thus, the experience gained in the OBM1 project will come in handy when the fun begins again in the near future.
